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(54) Fluid circulation pump for heating and conditioning systems and the like

(57) The present invention relates to a method for
measuring a parameter characteristic of a heating and/
or conditioning system (1) equipped with a primary hy-
draulic circuit (6) and a secondary hydraulic circuit (9)
and wherein at least one operative fluid circulation pump
(2) is provided operated by an electric motor and driven
by a control electronic device (10). The method pro-
vides:

a starting measure of the flow rate of the circulating
operative fluid carried out with closed delivery, im-
mediately downstream the pump;

a subsequent measure of the flow rate of the circu-
lating operative fluid in the sole secondary hydraulic
circuit (9);

the first and the second measure being carried out
with means associated to the control device (10) of
the pump (2) so as to output an electric signal cor-
related with the percentage of additive of the circu-
lating operative fluid or with a variation of the calo-
rific power of the system.
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Description

Field of Application

[0001] The present invention relates, in its more gen-
eral aspect, to a fluid circulation pump, for example of
the type to be installed on a heating and/or conditioning
system.
[0002] The invention also relates to a method for
measuring a parameter that is characteristic of the heat-
ing and/or conditioning system and the following de-
scription relates to this field of application in order to
make the illustration easier.

Prior Art

[0003] As the skilled persons in the field well know, in
fluid circulation pumps mounted in heating and/or con-
ditioning systems, commonly also called circulators,
electric motors of the asynchronous type with winding
and phase choking are normally employed.
[0004] Their speed is regulated by control units, on
the basis of instantaneous values taken by the variables
measured throughout the system. In particular, sensors
for measuring the flow rate, the temperature and the
pressure of the circulating fluid are provided.
[0005] For example, asynchronous motors currently
used in the manufacture of circulators require a suitable
power electronic circuitry for driving and regulating the
operative steps of the motor but also an signal electronic
circuitry for detecting for example the motor rotations or
the motor phase.
[0006] Although advantageous from several points of
view, circulators wherein asynchronous electric motors
are used have known drawbacks the main of which are
here listed:

- the speed variation is not precise because of the
winding and phase choking and it produces vibra-
tions with subsequent noise of acoustic and electric
type;

- the reliability level in the circulator operation is not
particularly high, since it depends on the correct op-
eration of the sensors arranged throughout the sys-
tem.

[0007] Only in recent years circulators realised with
the synchronous motor technology, with permanent-
magnet rotor, have begun to be commercially success-
ful.
[0008] The synchronous motors have advantages in
terms of simplicity of structure and assembly as well as
of moderate cost.
[0009] The use of synchronous motors implies the so-
lution of some driving problems due to the fact that the
excitation magnetic flux, which is constant because of
the permanent magnets, requires relatively higher cur-
rent absorption by the stator windings in order to suitably

regulate the speed and the direction changes of the mo-
tor rotation.
[0010] Moreover, in order to limit the current on the
single coil, so as to avoid the demagnatization risk, there
is the need of attending to a higher subdivision of the
stator poles.
[0011] These particularities of the synchronous motor
make the motor driving require some tricks, in particular
under the situations wherein a variation, sudden or with
time, of the load can occur.
[0012] It is the case for example of the heating and/
or conditioning systems structured with a closed hydrau-
lic circuit wherein a fluid flows comprising an antifreez-
ing additive, also in considerable percentages; this sit-
uation is frequent when the heating system must oper-
ate under intense cold conditions for example in north-
ern countries.
[0013] In this context there would be the need of pe-
riodically verifying the good operation of the system so
as to possibly add antifreezing additive in case of ne-
cessity or so as to regulate the operative fluid flow rate
according to the heating needs which are function of the
internal and/or external temperature.
[0014] The technical problem underlying the present
invention is that of devising a fluid circulation pump to
be installed on a heating and/or conditioning system,
having such structural and functional characteristics as
to allow to provide information on the status of the sys-
tem detecting for example the percentage of additive in
the operative fluid of the system and thus allowing to
regulate the operative conditions of the heating and/or
conditioning system.

Summary of the invention

[0015] This problem is solved, according to the
present invention, by a fluid circulation pump of the pre-
viously indicated type and characterised in that it com-
prises a signal output from said control electronic circuit
in order to provide a value correlated with the percent-
age of additive in the operative fluid of the system.
[0016] The invention also relates to a method for
measuring a parameter that is characteristic of the heat-
ing system, as defined in claim 4.
[0017] Further characteristics and the advantages of
the circulation pump and of the measuring method ac-
cording to the present invention will be apparent from
the following description of an embodiment thereof,
made with reference to the annexed drawings, given for
indicative and nonlimiting purpose.

Brief description of the drawings

[0018]

Figure 1 schematically shows a heating system
equipped with a circulation pump realised accord-
ing to the invention;
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Figure 2 schematically shows a synchronous elec-
tric motor for operating the pump of figure 1,
equipped, according to the invention, with means
for determining the percentage of additive in the op-
erative fluid of the system;

Figure 3 shows a block chart of a control electronic
device of the pump operation;

Figure 4 schematically shows the pump according
to the invention together with the control electronic
device.

Detailed description of a preferred embodiment

[0019] With reference to the figures, 1 globally and
schematically shows a heating and/or conditioning sys-
tem equipped with a circulation pump 2 of the operative
fluid, realised according to the present invention.
[0020] Advantageously, pump 2 is of the synchronous
type, i.e. it is rotation-operated by a synchronous elec-
tric motor 12 comprising a permanent-magnets rotor 14.
The internal structure of the synchronous motor 12 for
operating the pump is shown in figure 2 and it will be
hereafter described.
[0021] The heating system 1 comprises a closed hy-
draulic circuit 6, which will be hereafter defined as pri-
mary, equipped with a plurality of heating elements 7.
[0022] The hydraulic circuit 6 is provided with, in se-
ries: the synchronous circulation pump 2, a primary heat
exchanger 3, i.e. a boiler, and the heating elements 7.
[0023] Parallelly to the circuit section where the heat-
ing elements 7 are provided, a secondary heat exchang-
er 5 is provided which supplies heat to a sanitary circuit
9, for example a circuit distributing hot water for domes-
tic use. The heat exchanger 5 is part of a secondary
closed hydraulic circuit 8.
[0024] On a junction node between the primary hy-
draulic circuit 6 and the secondary hydraulic circuit 8,
wherefrom the pipeline sections branch off parallelly to
the circuit section where the heating elements 7 are pro-
vided, a motorised three-way valve 4 is provided.
[0025] Advantageously, according to the invention, it
is possible to determine the percentage of antifreezing
additive on the basis of fluodynamic parameters derived
through the pump 2.
[0026] In other words, the synchronous pump 2 allows
to provide electric signals correlated with the percent-
age of additive in the system.
[0027] More particularly, with specific reference to the
example of figure 3, a control electronic device is shown,
realised according to the present invention and globally
indicated with 10, for determining the percentage of an-
tifreezing additive in the operative fluid of the system 1.
[0028] The device 10 is also able to determine the flow
rate of the pump 2 operated by a synchronous electric
motor 12. The motor 12, shown in figure 3, is of the type
comprising a rotor 14, equipped with a permanent mag-

net, which is rotation-induced by the electromagnetic
field generated by a stator 16, equipped with pole shoes
18 with relevant windings.
[0029] The device 10 comprises a magnetic flux sen-
sor 20 of the rotor 14, for example a sensor of the Hall
type, arranged on the stator 16 close to the rotor 14. The
sensor 20 is connected to a processing unit 22, for ex-
ample a controller or a CPU, outputting the value of the
pump flow rate.
[0030] According to the present invention, in order to
determine the flow rate Q in a pump operated by the
synchronous electric motor 12 the processing unit 22 of
the device 10 is used whereto a memory portion is as-
sociated wherein experimental data are stored of corre-
lation between the flow rate values and the correspond-
ing values of an operation variable of the pump motor,
for example the load angle.
[0031] In practice, according to the invention, it is pos-
sible to determine the flow rate Q of the liquid flow cir-
culating in the pump 2 operated by the synchronous mo-
tor 12 during the operation thereof in steady condition,
by employing a measure of an operation variable of the
pump, in particular the measure of the load angle or de-
lay ϑ.
[0032] As it is well known, this load angle ϑ represents
the phase shift between the voltage applied at the ends
of the motor 12 and the counter electromotive force
caused by the sum of the effects of the stator 16 flux
and of the flux induced by the rotation of the permanent
magnet of the motor 14.
[0033] When the load applied to the axis of the pump
connected with the motor 12 undergoes a variation, also
the resistant torque applied to the rotor 14 of the motor
12 undergoes a variation, thus modifying the shift angle
between the counter electromotive force and the net-
work voltage, which is exactly the load angle ϑ.
[0034] The increase of the load angle is correlated, in
a proportional way, with an enhancement of the flow rate
Q inside the pump, with a correlation that is linear at
intervals. For example, upon linearization, an increase
of the flow rate implies a proportional increase of the
load angle; vice versa, a decrease of the flow rate cor-
responds to a decrease of the load angle.
[0035] According to the invention, a correlation be-
tween the flow rate values and the corresponding load
angle values is predetermined: this correlation can be
determined through experimental tests or also through
theoretical simulations or simulations at the computer,
preferably in the course of a calibration step preferably
made where the pump is manufactured.
[0036] More in detail, as it is well shown in figure 3,
the processing unit 22, besides being connected with
the sensor 20, receives at its input also a network syn-
chronism signal 24 and a signal proportional to the ef-
fective value of the network voltage 26.
[0037] With a digital sensor 20 of Hall type, the pas-
sage of the peak of magnetic flux of rotor 14 is meas-
ured. Knowing that this latter is 90° late on the counter
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electromotive force, the load angle ϑ is precisely deter-
mined as phase shift between the voltage applied at the
ends of the motor 12, which is known thanks to the net-
work synchronism signal 24, and the counter electromo-
tive force caused by the sum of the effects of the stator
16 flux and of the flux induced by the permanent magnet
rotation of the rotor 14.
[0038] The phase shift ϑ is thus determined by the
processing unit 22 taking the network synchronism sig-
nal 24 as reference, which is a square wave signal, with
rising and falling edges coinciding with the passage
through zero of the network voltage.
[0039] It is worth noting that the digital sensor 20 of
the Hall type outputs a square wave signal, with rising
and falling edges coinciding with the polarity inversion
of the permanent magnet of the rotor 14 during rotation.
[0040] The time passing between the edge of the syn-
chronism signal 24 and the edge of the sensor 20 signal,
which signals the position of the rotor 14, is proportional
to the load angle ϑ.
[0041] However, this time varies according to the flow
rate, to the supply voltage of the motor 12 and to the
operating temperature of the rotor 14 magnet.
[0042] It is good to precise here that the dependence
of the load angle ϑ on the flow rate is linked to the elec-
trophysical characteristics of the pump. Disregarding
the constructive aspects (such as hydraulics, stator
windings and mechanical parts), which, in a well-estab-
lished product, affect the load angle ϑ mainly because
of the manufacture tolerances and however with small
and relatively constant values, the other critical param-
eters acting directly on the variation of the load angle
are exactly the network voltage and the temperature of
the rotor 14 magnet. In the case of pumps with synchro-
nous motor 12 and rotor 14 immersed in an operative
fluid, the temperature of the magnet corresponds to that
of this operative fluid.
[0043] If the network voltage decreases also the in-
tensity of the magnetic flux produced by stator 16 de-
creases with a subsequent underexcitation of the motor
12.
[0044] This underexcitation makes it more difficult the
upkeep of the synchronism situation in the motor 12 and
it is interpreted as an increase of the work load, turning
out directly with an increase of the load angle.
[0045] Vice versa, an increase of the network voltage
implies an overexcitation of the motor 12 and thus a de-
crease of the load angle.
[0046] Thus, the hydraulic flow rate Q of the circulat-
ing operative fluid is obtained starting from the operation
conditions of the synchronous electric motor for operat-
ing the pump 2.
[0047] Also the temperature of the operative fluid can
be determined by the operation conditions of the syn-
chronous electric motor for operating the pump 2.
[0048] The dependence on the temperature of the op-
erative fluid is due to the fact that the ferromagnetic ma-
terial the rotor 14 is made of has a residual magnetic

induction BR which varies according to the temperature.
[0049] An enhancement of the operation temperature
of the rotor 14 magnet makes the residual magnetic in-
duction BR decrease, which affects in turn the intensity
of the concatenated flux, decreasing it and leading the
motor 12 to a situation similar to the case of the supply
voltage decrease.
[0050] Thus, as far as the load angle is concerned, an
increase of the temperature will cause an increase
thereof and vice versa.
[0051] In order to distinguish if the variation of the load
angle ϑ is due to the supply voltage or if this variation is
due to a change of flow rate of the pump, the signal pro-
portional to the effective value of the network voltage 26
is used.
[0052] This signal 26 is obtained for example by
means of a conditioning block 28, such as a voltage
adapting hardware circuit, from a network voltage signal
30. This signal 26 allows the processing unit 22 to go
back to the effective value of the supply. In this way, the
processing unit 22 is able to provide a signal proportion-
al to the hydraulic flow rate completely independent from
the supply voltage.
[0053] Instead, in order to distinguish if the variation
of the load angle ϑ is due to the thermal drift or if this
variation is due to a change of the flow rate of the pump,
an analog sensor 20A of Hall type must be used.
[0054] The Hall sensor 20A of the analog type, be-
sides allowing the reading of the polarity inversion of the
rotor 14 magnet, is able to output a sinusoidal signal
having width proportional to the residual induction BR of
the ferromagnetic material the rotor 14 is made of.
[0055] Since the residual induction BR of the perma-
nent magnet of the rotor is tightly dependent on the op-
eration temperature, by means of the sinusoidal signal
produced by the analog sensor 20A the processing unit
22 is able to further distinguish the variation of the load
angle due to a flow rate change from the variation of the
load angle due to a change of temperature.
[0056] In substance, an output signal 34 correlated
with the flow rate Q is generated proportionally to the
value of a meter 32 of the load angle ϑ, incorporated in
the unit 22 and thus proportionally to the hydraulic flow
rate, basing the processing on a table pre-established
by experimentally detected values.
[0057] In substance, by means of the processing unit
22 of the device 10 it is possible to carry out the following
acquisitions and processing of electrical signals:

- acquisition of current values of load angle ϑ, of net-
work voltage and of temperature of the rotor 14
magnet;

- comparison between the current value of said load
angle and values stored in a predetermined table of
correlation with flow rate values;

- possible correction of the flow rate values according

5 6



EP 1 564 408 A1

5

5

10

15

20

25

30

35

40

45

50

55

to the values of the network voltage and/or temper-
ature of the magnet of the rotor and determination
of a current flow rate value.

[0058] Advantageously, according to the present in-
vention, it is possible to determine also the percentage
of additive in the operative fluid circulating in the system
1. This percentage is obtained indirectly starting from
the instantaneous operation conditions of the synchro-
nous electric motor 12 for operating the pump 2.
[0059] The processing unit 22 can thus provide a fur-
ther signal output 35, for example as shown in figure 4,
in order to provide a value correlated with the percent-
age of additive of the operative fluid.
[0060] As previously said, the percentage of additive
is a particularly meaningful datum since the antifreezing
additive is normally introduced in considerable percent-
ages, for example up to 40%.
[0061] More in particular, the efficiency of the system
depends both on the exchangers 3 and 5 of the primary
6 and secondary 9 circuit and on the antifreezing addi-
tive percentage. In fact, the addition of antifreezing ad-
ditive can increase the viscosity of the operative fluid up
to 20% and this obviously affects the energetic perform-
ance of the system.
[0062] This also means that, to a known percentage
of additive, a predetermined energetic efficiency of the
system 1 also corresponds. As a consequence, knowing
the percentage of additive would allow to further obtain,
as well as indirectly, information on the efficiency status
of the system 1.
[0063] For example, for the ethylene glycol additive
the following table is valid, which links the specific heat
of the fluid at the operating temperature T for different
percentages of additive:

[0064] The viscosity of the circulating operative fluid
affects the absorption of electric power of the synchro-
nous motor according to a known relation which de-
pends on the fluodynamic characteristics of the pump
2. For example it is possible to use the following formula:

where:

m is the mass flow rate

Percentage volume of ethylene glycol

Temp. F°

0% 10% 20% 30% 40%

40 1,004 0,943 0,903 0,861 0,812

60 1 0,947 0,909 0,868 0,825

80 0,998 0,952 0,915 0,876 0,834

m · ξ (1/d) · (ω2/2) = P

ξ is the friction coefficient

1 is the equivalent length of the hydraulic circuit

d is the equivalent diameter of the hydraulic circuit

ω is the speed of the operating motor of the circu-
lator

P is the absorbed power.

[0065] The friction coefficient ξ depends on the Rey-
nolds number (Re) and it is experimentally obtained
from the hydraulic circuit. The number of Re depends in
turn on the fluid viscosity µ according to the relation:

[0066] Moreover, the circulating operative fluid vis-
cosity µ affects the thermal exchange coefficients and
thus, definitively, the calorific power of the exchangers.
The variation of this value, with respect to a starting
known condition, thus provides the indication on the vis-
cosity of the fluid.
[0067] In order to determine the value of the calorific
power of the system 1 under a starting reference condi-
tion, a starting measure can be used carried out with
closed delivery immediately downstream the pump 2.
[0068] Subsequently it is possible to carry out a fur-
ther measure by making the operative fluid circulate only
on the secondary heat exchanger 5 of the sanitary circuit
9.
[0069] To this purpose, the motorised three-way valve
4 can be controlled so as to supply the sole secondary
heat exchanger 5, so that the pump 2 only works for sup-
plying the circuit 9.
[0070] The calorific power of the secondary exchang-
er 5 depends on the fluodynamic characteristics of the
exchanger itself and on the fluid viscosity: for example
the following formula can be used:

where:

α is the convection thermal exchange coefficient out
A is the equivalent surface of heat exchange
At is the thermal drop between the input and the
output of the exchanger.

[0071] As it is known, the coefficient α depends on the
Nusselt number (Nu) according to the relation:

Re = 1 · d · ω/µ

q = α A ∆t

α = (Nu λ)/d
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where:

λ is the thermal conductivity
d is the equivalent hydraulic diameter.

[0072] Moreover:

where C, m and n are experimental coefficients and
Re = Reynolds number and Pr = Prandt1 number
which depend on the operative fluid characteristics such
as: viscosity, specific heat and thermal conductivity.
[0073] Knowing the type of additive used, the fluid vis-
cosity and the temperature T are obtainable from exper-
imental tables linking the power absorbed by the pump
under known operative circuit conditions, i.e. with closed
delivery pump or, for example, with circulation limited to
the sole secondary circuit of the exchanger 5.
[0074] The method according to the invention could
be also actuated by means of a pump operated by an
asynchronous motor equipped with sensors to detect
the flow rate Q of the operative fluid. Also in this case it
would be however possible, from the flow rate value, to
obtain a signal correlated with the percentage of additive
by means of a first measure with closed delivery and a
subsequent measure on the secondary hydraulic circuit.
[0075] In substance, the method according to the in-
vention allows to provide this indication on the percent-
age of additive by exploiting the only presence of the
pump in the system 1. Obviously, the use of a synchro-
nous pump has the further advantage of allowing to car-
ry out the measure in sensorless way.
[0076] The main advantage attained by the fluid cir-
culation pump according to the present invention stays
in the concrete possibility of providing a signal output
correlated with the value of the percentage of additive
in the operative fluid of the system.
[0077] Alternatively, the value output from the control
circuit of the pump, allows to obtain indications on the
efficiency status of the system 1 if the other fluodynamic
parameters such as flow rate, operation temperature
and percentage of additive are known.
[0078] Obviously, a skilled person in the field, in order
to meet specific and contingent needs, will be allowed
to apply several modifications to the above described
fluid circulation pump, all within the scope of protection
of the present invention as defined in the following
claims.

Claims

1. Fluid circulation pump (2), in particular for a heating
and/or conditioning system (1) equipped with a pri-
mary hydraulic circuit (6) and with a secondary hy-
draulic circuit (9) and wherein the pump is operated

Nu = C · Rem · Prn

by a synchronous electric motor (12) and driven by
a control electronic device (10), characterised in
that said device (10) comprises a processing unit
(22) receiving at its input a first signal (24) coming
from a magnetic flux sensor (20) of the rotor (14)
and a second network synchronism signal (24) and
being equipped with or associated to a memory por-
tion wherein experimental data are stored of corre-
lation between the hydraulic flow rate (Q) values
and an operation variable of the pump's motor ; so
as to produce a signal output correlated with the
percentage of additive of the circulating operative
fluid.

2. Pump according to claim 1, characterised in that
said variable is the load angle ϑ and that said sensor
(20) is a digital Hall sensor.

3. Pump according to claim 1, characterised in that
said variable is the load angle ϑ and that said sensor
(20A) is an analog Hall sensor.

4. Method for measuring a parameter characteristic of
a heating and/or conditioning system (1) equipped
with a primary hydraulic circuit (6) and with a sec-
ondary hydraulic circuit (9) and wherein at least one
operative fluid circulation pump (2) operated by an
electric motor and driven by a control electronic de-
vice (10) is provided, characterised in that it pro-
vides:

a starting measure of the flow rate of the circu-
lating operative fluid carried out with closed de-
livery, immediately downstream the pump;

a subsequent measure of the flow rate of the
circulating operative fluid in the sole secondary
hydraulic circuit (9);

said first and second measure being carried out
with means associated to the control device
(10) of the pump (2) so as to output an electric
signal correlated with the percentage of addi-
tive of the circulating operative fluid or with a
variation of the calorific power of the system.

5. Method according to claim 4, characterised in that
the pump (2) is operated by a synchronous electric
motor (12) with a permanent magnet rotor (14) and
in that said first and second measure are carried
out through the following steps of:

acquisition of at least one operation variable of
the pump;

comparison between the value of said variable
and a predetermined table of correlation with
hydraulic flow rate values and determination of
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a corresponding flow rate value.

6. Method according to claim 5, characterised in that
said at least one operation variable of the pump is
a load angle or delay ϑ, i.e. a phase shift angle be-
tween the network voltage applied at the ends of
the motor (12) and counter electromotive force
caused by the sum of the effects of the stator flux
and of the flux induced by the rotation of the rotor
(14) permanent magnet.

7. Method according to claim 6, characterised in that
it provides the acquisition of a further operation var-
iable of the pump such as the temperature of the
rotor magnet.

8. Method according to claim 7, characterised in that
it provides the detection of a signal proportional to
the residual induction (BR) of the ferromagnetic ma-
terial of the rotor (14) and dependent on the opera-
tion temperature, by means of a Hall sensor (20A)
of the analog type.

9. Method according to claim 5, characterised in that
said at least one operation variable of the pump is
a load angle, or delay ϑ, detected by means of a
digital Hall sensor (20).

10. Method according to claim 5, characterised in that
said at least one operation variable of the pump is
a load angle, or delay ϑ, detected by means of an
analog Hall sensor (20A).

11. Heating and/or conditioning system equipped with
a primary hydraulic circuit (6) and with a secondary
hydraulic circuit (9) and
characterised in that it comprises at least one fluid
circulation pump according to claim 1.
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